Purpose The aim of this study was to compare two intramedullary devices used in the treatment of intertrochanteric fractures. Method During the period 2006-2007 46 TGN and 51 PFNA were used for the treatment of intertrochanteric fractures in our hospital. Clinical and radiological follow-up were available. Surgical time, blood loss and complications have been considered. Results The mean operative time for the TGN group was significantly higher than in the PFNA group (62 min and 45 min, respectively) with a p00.04. The mean blood loss was significantly higher in the TGN group (285 ml; SD 145) in relation to the PFNA group (226 ml; SD 136) with p0 0.03. Also, rate of complications was higher in the TGN group (p 00.01). Clinical outcomes were good for both groups. Intra-operative and post-operative complications in the TGN group were associated with a longer operative time and a higher blood loss, probably due to the reaming needed in TGN that can increase blood loss and risk of comminution or fracture propagation. Moreover, all but one of the procedure-related complications were observed in very elderly patients. Conclusions Based on our results in the intertrochanteric fracture, use of PFNA should be recommended in cases of elderly and osteoporotic patients, while TGN should be used in more severely displaced fractures in patients with a slightly better bone mineral density.
Introduction
Intramedullary nailing (IM) has recently become a popular method of stabilisation of proximal femoral fractures in adults [1] . The proposed advantages include a short incision, less operative time, minimal blood loss and rapid rehabilitation of the elderly patient [2, 3] , which is essential to minimize the risk of medical complications. Several studies have shown the superiority of IM nailing in this respect compared to other methods of fixation such as plate fixation [1, [4] [5] [6] [7] .
Optimal positioning of nail devices is of paramount importance for a good outcome, reducing the risk of complications. Complications described with intramedullary devices include fracture propagation, difficulties with interlocking, jamming of the compression screw within the nail, and cut-out and cut-off of the lag screw [8] [9] [10] .
The methods of intramedullary nailing, with similar biomechanical principles, differ primarily with the need for diaphyseal reaming and the use of anti-rotation systems in fixing the femoral neck. The literature comparing the efficacy of these two implants remains obscure.
In our institution we have used both the Trochanteric Gamma3 Nail (TGN), characterized by the need for reaming and the use of lag screw, and the proximal femoral nail antirotation (PFNA), which is an unreamed nail with an antirotational helical blade. The primary objective of this study therefore is to compare the one year fracture fixation rates between the PFNA and TGN and to evaluate the differences in functional outcomes, quality of life outcomes, safety, radiological results, handling and perceived effectiveness between these two devices.
We completed a prospective comparative randomized study between TGN and the PFNA to evaluate if there were any significant differences between these two types of intramedullary implants characterized by similar surgical technique.
Particularly attention was made in order to verify if the helical blade may enhance the overall stability of the construct and potentially reduce failure of fixation, compared to the lag screw and also to assess any differences between reamed and unreamed intramedullary nails.
Patients and methods
Between January 2006 and January 2008, 110 consecutive patients with mean age of 80.4 years were treated in our department for an intertrochanteric fracture. During this period patients were alternately assigned (on a 1:1 ratio) for treatment with a TGN (Trochanteric Gamma3 Nail, Stryker Howmedica) or PFNA (Proximal Femoral Nail Antirotation, Synthes).
Inclusion criteria were patients with isolated, unstable, closed, and type 31-A1, 2, 3 trochanteric fractures as classified with AO system without subgroup [11, 12] . The most common type in both groups was 31-A1, followed by 31-A2 and 31-A3. Exclusion criteria were pathologic fracture of any other cause than osteoporosis, multiple trauma, and life expectancy≤three months. All surgical treatments were performed by an expert surgeon, with more than 100 interventions for both fixation systems used in the study, to avoid problems related to learning curve.
In all cases the same antibiotic and thromboprophylaxis was administered with second generation cephalosporins and low molecular weight heparin. Length of operating time was recorded as well as blood loss (calculated with Rosencher method) [13] .
Intra-and post-operative complications and medical complications were recorded. Clinical and radiological assessment was performed at one. three, six and 12 months to verify device positioning, bone healing and secondary malalignment. Malalignment was defined as a varus-valgus angulation of greater than 5°. Clinical outcome was evaluated by documentation of pain, restoration of previous walking ability and patient satisfaction. At the last follow up the Harris hip score (HHS) [14] was recorded.
The mean follow up was 15.1±3.0 months (range, 12-24 months).
Statistical analysis of the results was performed with paired t-test to compare the two groups. With an anticipated effect size of 0.8 and a statistical power 0.88 we estimated our minimum sample size required was 62 patients. Minimum required sample size per group was 31.
Results
In group A, 51 patients with mean age of 81.7 (range, 51-97; SD, 9) were treated with PFNA, whereas in group B, 46 patients with mean age 80 (range, 55-98; SD, 9.1) were treated with the TGN. The two groups were homogeneous regarding age (p>0.05).
In group A (patients selected for treatment with TGN) there were 32 with fracture type 31-A1, 15 with 31-A2 and eight with 31-A3; in group B (patients selected for treatment with PFNA) 35 were 31-A1, 13 were 31-A2 and seven were 31-A3 fractures.
Thirteen patients were excluded from the study because they were lost at the first follow-up (five patients) or due to a discontinuity in the clinical assessment (eight). In total 97 cases were eligible to be included in the final analysis of the results, 51 in the group treated with PFNA and 46 in the group treated with Gamma3 ( Fig. 1) .
The average pre-surgical stay was 2.4 days (min four hours, max eight days), and the average length of hospital stay was 10.5 days (min five, max 20).
The mean operative time was greater in the TGN group compared to in the PFNA group at 62 min (SD 34) and 45 min (SD 17), respectively (p00.04). Also the mean blood loss was higher in the TGN group at 285 ml in the TGN group (SD 145) versus 226 ml in the PFNA group (SD 136) (p00.03).
In the PFNA group, intra-operative complications were noted in one case. It was a fracture at the distal locking site treated with cerclage wire. Late complications occurred in 3.9 % of the cases including medial migration of the helical blade in the pelvis, and backing out of the PFNA blade in the soft tissues with loss of reduction (Fig. 2) . The salvage treatment for these two cases was an hemiarthroplasty. In both cases the failure can be attributed to the imperfect locking of the helical blade.
In the TGN group, 6.5 % of intra-operative complications were noted, namely, three fracture propagations during reaming (two cases) or nail insertion (one case), converted to a long gamma nail with cerclage wire in two cases and with just cerclage wire in one case (Fig. 3) . Late complication occurred in 8.6 % of the patients including two lag screw cut-outs, one of which was associated with fracture propagation and treated with arthroplasty. One fracture was at the distal locking site treated with a long gamma nail (Fig. 4) . Finally, one nonunion was observed and revised with a long gamma nail (Table 1) . It is worth mentioning that all but one of these complications occurred in patients older than 81 years (mean 86.1, SD 4.2).
During the hospitalization, 10.8 % of medical complications (five chest infections) and 13 % of deaths (three in the first six months post-op, three in hospital) were noted in the TGN group; 8.6 % of medical complications (three chest infections and one neurosurgical complication) and 11.7 % of deaths (five in the first six months, one in hospital) were in the PFNA group with no significant statistical difference between the two groups. Comparison of procedure-related complications between the two groups are shown in Table 1 and Graph 1.
Statistical comparison showed that total rate of complications was significantly higher in the TGN group (p00.01).
Others minor complications encountered in both groups included seromas and haematomas of the surgical wound, which resolved satisfactorily in all cases, and wound infections also evolved favourably once antibiotic treatment was instituted (Table 2) .
Thirty-one malalignments (13 valgus and four varus) occurred. Six valgus and one varus were observed in the TGN group, seven valgus and three varus in the PFNA group, with a prevalence of varus angulation in the PFNA group (p<0.01).
With regard to clinical outcome, the average HHS in the third month was 78 (range 35-98, SD 14.7) for the TGN group and 76 (range 38-94, SD 13.1) for the PFNA group.
In the TGN group 51.5 % of patients (20\39) were able to walk, 41 % (16\39) had an assisted walking ability and three patients (7.5 %) were unable to walk. Only 12.5 % of patients (5\39) had pain in the hip while walking. In the PFNA group, 45.5 % of patients (21\45) were able to walk, 48 % (22\45) had an assisted walking ability and in 6.5 % (three cases) patients were unable to walk. In 17.3 % of cases (eight out of 45) patients had pain in the hip while walking.
However, 95 % of the patients in the TGN group and 97 % of those in the PFNA group were satisfied with the results. Eighty-two percent of patients in the TGN and 86 % in the PFNA group were restored to the previous walking ability at the time of latest follow-up. Clinical outcomes essentially were good for both groups with no statistical differences between TGN and PFNA results (Table 3) .
Discussion
Lately, due to the increasing age of the elderly population, the incidence of extracapsular hip fractures has been gradually increasing. The poor bone quality in this group of patients requires choosing a fixation device that can increase stability and minimize surgical complications.
In our study both intramedullary systems confirmed their reliability for the treatment of intertrochanteric fractures. Early operation (average pre-surgical stay less than two days) and early mobilisation were practised in all patients to minimize the risk of medical complications and to improve functional outcome according to the literature [11] . We noted a small rate of complications and satisfactory results in both groups in relation to the restoration of walking ability and patient's satisfaction [15] [16] [17] . Both the rate of complications and mortality were relatively low in both groups, even compared to the literature [18] .
Nevertheless, we found a significantly higher blood loss, higher rate of intra-operative complications and higher surgical time in the TGN group, despite clinical outcomes Fig. 3 Intra-operative complication in Trochanteric Gamma3 Nail (TGN) group. Preoperative radiography of intertrochanteric fracture type 31-A1; immediate postoperative radiography of fracture propagation occurred during reaming and was treated with cerclage wire; radiographic control at 1 month Fig. 4 Late complication in the Trochanteric Gamma3 Nail (TGN) group. Immediate postoperative radiography of an intertrochanteric fracture type 31-A1; fracture at the distal locking site in the third month; postoperative radiography of the salvage treatment with long gamma nail being good in both groups. We believe that this result is secondary to the reaming required for the placement of TGN that can increase blood loss and risk of comminution or fracture propagation [19] .
With regard to postoperative complications, the PFNA seems to be the most reliable method for an increased stability and higher cut-out resistance. This can be attributed to the helical blade that prevents rotation of the femoral neck. Indeed no cut-outs were found in the PFNA group. In a biomechanical study the dual lag screw implant exhibited significantly less migration and sustained more loading cycles in comparison to the single screw [20] . Some comparative studies have shown an increased number of intra-operative complications in patients treated with PFN, probably due to a more demanding technique [8, 9] . Herrera et al. reported an higher rate of technical complication with gamma nail also in comparison with PFN [16] .
The helical blade has probably resolved the problems previously observed with PFN.
Al-Munajjed et al. underlined that the helical blade showed a significantly higher torque for the rotation of the femoral head compared to the lag screw. Bone impaction around the PFNA blade could probably be the reason for the higher biomechanic stability, thus decreasing the risk of malrotation and varus collapse [21] .
In the two cases of PFNA where failure was observed, surgical error rather than implant stability issues should probably be attributed. The cutout appeared to result from poor position of the proximal screw in the femoral head, rather than being implant-related. The importance of an optimal position of the screw has been emphasized before [22] .
However, our study seems to suggest that the major difference between these two implant designs (the manner in which the femoral head is stabilized) may have a role in the different rate of complications.
Moreover we observed that all but one of the surgical complications occurred in very old patients (mean age 86 years). We believe that the differences between the two devices may have more significance in osteoporotic bone of very elderly patients.
Predrilling and tapping needed for the TGN-3 sliding screw and reaming practised in the femoral shaft could be the reasons for this increased risk in patients with severe osteoporosis.
Secondary varus malalignment, without clinical significance, occurred at a greater rate when using the PFNA. In our opinion, this is probably due to the different insertion method of the cephalic screw. With the TGN system the best radiographic result could be obtained in terms of the femoral neck angle and reduction of fragment. However, the PFNA is [23] . In any case, this seems not to have influenced clinical results nor complication rate. According to our results, the PFNA seems currently to be the optimal implant, especially in very old patients with severely osteoporotic bone. We could speculate that in cases of very old patients and in severe osteoporosis the use of a more stabilizing device should be recommended.
In conclusion, on the basis of the results of this study, in the intertrochanteric fracture use of PFNA should be recommended in case of elderly and osteoporotic patients, while TGN should be used in more severely displaced fractures in patients with a slightly better bone mineral density.
Several new treatments for proximal femoral fractures, initially considered extremely reliable, have been proven less effective than expected [24] . In our opinion and according to our results, the choice of implant should be done preoperatively by evaluating fracture type, patient anatomy, bone quality and patient age. In this way, the characteristics of different devices can be taken into account and identification of some limitations avoided. 
